The aim of the study was to evaluate the use of prostheses, some secondary complications and functional aspects among children who had a congenital leg deficiency or an acquired leg amputation.
Introduction
Limb deficiencies in children may be due to congenital disorders or to amputation resulting from trauma, malignancy, infection or other pathology. In the case of a congenital disorder, conversion amputation may be necessary in later years for a better fit of the prosthesis.
Children with lower limb deficiencies face a lifetime of functional limitations. Almost all children with limb impairments are fitted with prosthetic components to enhance their activities of daily life. The functional abilities of children with lower limb deficiencies have rarely been studied. J0rring (1971) studied the outcome of paediatric amputees in their adulthood. He concluded that all patients used their prostheses and that patterns of gait were generally satisfactory. Jones and Lipson (1991) reported good social integration of limb deficient children. However, detailed studies of the functional status of limb deficient children have been lacking. Secondary complication after amputation or complications of deficient limbs may lead to repeated surgery at later stages (J0rring, 1971; Aitken and Frantz, 1953; Aitken, 1963) . As a complication, phantom sensations and phantom pain may occur. The literature reports phantom sensations and phantom pain after acquired amputation is mentioned with incidence rates ranging from 75% to 100% and from 0% to 92% respectively (Aitken, 1963; Krane and Heller, 1995) . Secondary complications after amputation may influence the functional status of paediatric amputees.
The aim of the present study was to evaluate functional aspects in children with congenital deficiencies or acquired amputations. Some explanatory variables, including repeated operations, phantom sensations and phantom pain, use of prostheses were studied as well.
Other data from the same study have been published elsewhere (Rijnders et al, 2000) .
The study was approved by the Medical Ethical Committee of the University Hospital of Groningen and of the "De Hoogstraat" Rehabilitation Centre in Utrecht.
Methods

Subjects and data collection
In the Netherlands the care of lower limb deficient children is mostly provided by rehabilitation physicians and their teams. Therefore, all rehabilitation physicians in the Netherlands were asked to invite children and their parents to take part in the survey.
Children aged 1-18 years with a congenital reduction defect or acquired amputation of the lower limb were included. Mentally retarded children were excluded. Toe amputations or deficiencies were also excluded, because little influence on functional capacity was to be expected. It was assumed to be too much a burden for the parents and their children to ask them about the amputation shortly after the distressing event, so the families were approached at least 1 year after amputation or birth.
Eighty-eight (88) children participated in the study. The children and/or the parents gave informed consent.
Congenital deficiencies were seen in 64 children, with both legs affected in 23 cases. Twenty-six (26) of these 64 children also had upper limb deficiencies. The remaining 24 children had one or both legs amputated, 7 amputations being due to trauma, 9 to malignancies, 3 to infection and 5 to other pathology, including pseudoarthrosis, congenital vascular deformity (twice), femoral thrombosis and congenital lower limb deformity without deficiency. The limbs had been amputated at an average age of 80 months (SD=46, range 0.5-168). Two (2) children had both legs amputated; one because of extensive trauma and the other as a result of meningococcal sepsis. Two (2) children had also had upper limbs amputated as a complication of meningococcal sepsis. The characteristics of the children are given in Table  1 . The levels at which the limbs were deficient or amputated are given in Table 2 . The classification used in this study is that of the ISPO standard (Day, 1991) .
The category of "other" in the congenital limb deficiency part of this table included: a lower leg with one unidentified osseal structure and a deformed foot, partial fibula deficiency with short toes on both sides, partial tibia deficiency with no ankle and a foot with 5 rays and a fibula deficiency with partial tibia deficiency (no foot). 
Measures
All children were visited at home, where a structured interview was held. The answers to the questions were categorised according to a predefined scheme. The structured interview included questions on the topics shown in Table  3 .
The Dutch version of the Child-HAQ (Fries et al, 1980) was also assessed, but it should be noted that this Dutch version has not yet been validated. Therefore, only the answers to the 5 relevant questions on leg function (see Table 5 ), as answered by the parents, are presented.
Data analysis
Data were analysed by means of the descriptive statistics in the SPSS statistical analysis programme. Students paired t-test was used for differences between groups. The level of significance was set at p<0.05.
Results
Prosthesis
All but 7 children had had prostheses fitted. Seventy-two (72) children used their prostheses for most of the day. Five (5) children did not use their prostheses continuously, but used it for more than half of the day, while 4 children used their prostheses for less than half of the day. One (1) child who had had a prosthesis fitted, did not use it at all. He had a traumatic hemipelvectomy. Three (3) of the 7 children who did not have prostheses, were younger than 3 years, while the other 4 were between 6 and 8 years old. All 7 children without prostheses had both limbs affected. Four (4) of these 7 children had orthopaedic footwear instead of prostheses.
According to the parents, the children with congenital deficiencies had had their first prosthesis fitted at an average age of 18 months (N=57, SD=8, range 9-50).
In some children the First fitting had been delayed for various reasons, including the use of an abducting hip orthosis (n=3), conversion procedures (n=2), foot correction (n=l), the use of orthopaedic footwear (n=3), the ability to walk without prosthesis (n=l) or emigration to the Netherlands from a third world country (n=l). If these children are excluded the first prosthesis was fitted at an average age of 15 months after birth (SD=5, range 9-30). Eighteen (18) of these 46 children had prostheses fitted before their first birthday, 40 before the age of 1.5 years. Two (2) children had prostheses fitted at the age of 19 months, 1 suffering from PFFD and the other had a fibula deficiency. The other 4 children had bilateral deficiencies. The two major groups among these 46 children were those with unilateral PFFD (n=14) and those with unilateral fibula deficiencies (n=10). The children of these groups had their first prostheses at average ages of 15 months (SD=4, range 11-24) and 14 months (SD=3, range 9-19), respectively. Including all children with unilateral PFFD or fibula deficiency, so the children with delayed fitting were not excluded, the first fitting took place at ages of 17 months (SD=6, range 11-32) and 16 months (SD=5, range 9-29), respectively.
Of the children with prostheses involving knee joints (n=13), 3 did not use articulated knees at the time of the interview. Two (2) of them, both 3 years old, had no knee joint. The third, a 9-year-old child, used a locked knee. The parents of 8 of the 10 children who were using prostheses with a free knee, were able to remember the approximate date of the first free knee prosthesis. These children had been fitted with articulated knees at a mean age of 37 months (SD 11, range 20-54).
In none of the children in whom the locked knee had been replaced by an unlocked knee, did the locked knee have to be reinstated.
Those children with an acquired amputation had been fitted with prostheses on average at 10 months after the amputation, (SD=19, range 1-96).
The mean age of all prostheses at the time of the interview was 8.5 months (SD=5.9, range 1-24). The mean age of the prostheses in the children younger than 10 years was 6.5 months (n=47, SD=5.2), while that in the children older than 10 years was 11.6 months (n=32, SD=5.5). This difference is significant (p=0.00).
Complications
Forty-seven (47) children had needed a secondary operation, for reasons listed in Table  4 . Eighteen (18) children with congenital deficiencies had 1 operation; 13 children with 2 or 3 operations; 7 children had 4 to 14 operations. Sixteen (16) children had undergone a conversion procedure, at a mean age of 50 months (SD=55, range 6-180). Four (4) children with an acquired amputation had 1 operation after the primary amputation; 3 children had 2 operations; 2 children had 4 and 10 operations respectively. According to their parents none of the children with congenital limb deficiencies who had not had a conversion operation had ever experienced phantom pain. One (1) of the children who had not had a conversion operation may have experienced some phantom sensation. She had only undergone arthrodesis of both knees, one at the age of 3 and the other at the age of 4. In the group of children with congenital deficiencies who had undergone conversion, 5 had experienced phantom sensations after the operation, while 1 had experienced phantom pain, as reported by the parents or the children themselves. Sixteen (16) children with an acquired amputation experienced or had previously experienced phantom sensations as reported by the parents or by themselves. Four (4) children with an acquired amputation complained, or had previously complained, about phantom pain after the amputation. In the total group of children over 5 years of age with congenital deficiencies or acquired amputations 21 had experienced phantom sensations, while 5 children had experienced phantom pain.
The parents of 23 children reported that their child had no skin problems at the time of the interview and had never had any in the past. Nineteen (19) children were experiencing skin problems at the time of the interview, 15 in the group with congenital deficiencies and 4 children in the group with acquired amputation. Ten (10) children without skin problems at the time of the interview had had skin problems more than a year ago, 32 during the past year. The parents of 4 children had no precise recollection of this aspect, resulting in "missing data".
Reasons for visiting an orthopaedic workshop included prostheses being too short, dysfunctional prostheses as result of wear and tear, ill-fitted prostheses and skin problems. To obtain some impression of these problems, the parents were asked how often the children had visited an orthopaedic workshop during the past year. The average number of visits was 9 times in the year preceding the interview (SD=7, range 0-35).
Functional status
Only 3 of the 52 children aged 6 or over were unable to don and doff the prosthesis by themselves, One (1) of the 3 had a bilateral fibula deficiency, another a fibula deficiency combined with an arm deficiency and the third a traumatic trans-tibial amputation with the first prosthesis having been fitted only a few months before the interview, According to their parents, the average age at which their children with congenital deficiencies were first able to don and doff their prostheses without help was 52 months (n=37, SD=24, range 9-120).
Eighty-four (84) children were able to walk. The 4 children who were unable to walk, had both limbs affected. Three (3) of them used a wheelchair for ambulation, while the fourth was only 1.5 years old. Children in the group with congenital deficiencies, were able to walk at a mean age of 20 months (n=59, SD=6, range 11-39). In the group of children with an acquired amputation, the mean period between amputation and the ability to walk again was 11 months (n=21, SD=12, range 1-50). For the 22 children amputated after their second birthday, this period was an average of 9 months (SD=9, range 1-38).
Twenty-one (21) children used walking aids, either always or when walking over longer distances. Twenty-three (23) of the 84 children who were able to walk used a wheelchair for longer distances.
Four (4) of the 84 children who were able to walk could walk less than 50m; 2 children could walk between 50 and 100m; the remaining 78 more than 100m. According to their parents, 19 children were able to walk the same distance as healthy children of the same age. Seventy-one (71) of the 78 children aged 3 years or over were able to ascend and descend stairs independently.
Cycling is a very common activity in the Netherlands, and almost all healthy children over 4 years of age have a bicycle. In the population of the study, 63 of the 68 children aged 4 years or over were able to cycle, Thirtythree (33) of them required minor adaptations to the bicycle, mostly shortening of the crank. Forty-three (43) of the 58 children aged 5 years and older participated in sports activities (excluding physical education at school), mostly swimming. Nine (9) of these children participated in sports clubs for handicapped people. Six (6) children used sports prostheses, mostly for swimming. Two (2) of the children used a sports wheelchair. In the Netherlands, children attended primary school from the age of 4. Fifty-nine (59) of the 68 children aged 4 years or over attended a normal primary or secondary school. Nine (9) children, including 7 with an acquired amputation, attended a school for handicapped children.
The Child-HAQ
The answers given to the parents of the 5 selected questions are summarised in Table 5 . Most children (n=68) had little or no difficulty with the activities referred to in these questions, the other children had great difficulty with one or more of the selected activities or were unable to perform one or more activities. Five (5) parents scored the walking ability of their child outdoors on a flat surface as "not possible". Four (4) of these children had a bilateral amputation or deficiency. The parent of the fifth child may have answered this question incorrectly, because in the other questionnaire she mentioned that her child's walking distance was more than 100m. One parent scored her child's walking ability outdoors on a flat surface as "with great difficulty". This child also had a bilateral amputation. Two (2) of the 5 children who did not take part in physical education at school according to their parents had a bilateral deficiency or amputation. The others had a unilateral amputation, 1 due to trauma at the level of the knee, 1 due to a tumour at the level of the hip, the third due to PFFD.
Discussion
The use of prostheses, functional abilities and secondary complication were studied among Dutch children who had a congenital deficiency or an acquired amputation. The number of children included in the study, especially the children with an acquired amputation, was small, and the conclusions must take this limitation into account.
The children with acquired amputations were approximately 4 years older than those with a congenital deficiency. This is partly a consequence of the fact that acquired amputations tend to occur at an older age than congenital deficiencies. However, the mean age of the children with a congenital deficiency was rather low (7.8 years), indicating that the older children were under-represented.
Prostheses
Almost all children had a prosthesis fitted and used it during daily activities. The children without prostheses or not using their prosthesis had either both legs affected or had undergone a hemipelvectomy. Stewart and Jain (1995) found prosthetic fittings in all 68 patients with a congenital deficiency included in their study. However, they studied patients who visited the limb fitting centre required prosthetic replacement. The mean age of the prosthesis at time of the interview was 6.5 months in the children younger than 10 years versus 11.6 months in the children older than 10 years. This difference in the mean age of the present prosthesis was to be expected because young children grow faster and need new prostheses more often than older children (Stewart and Jain, 1995) .
First fittings in trans-tibial and trans-femoral unilateral amputee children have been recommended at the age of 6-9 months by Jain (1996) or 9-12 months by Hirons et al. (1991) . In this study, the first fitting in children with a deficiency of the femoral (PFFD) or fibula level (fibula deficiency) had taken place at an average age of 15 and 14 months, respectively, which is much older than recommended. There was a large range in age of the first fitting. Delayed first fitting relative to the recommended age may be due to complicating factors. Most of the children in the study population as a whole had been fitted with their first prosthesis before the age of 18 months, unless they had a bilateral amputation, used a hip orthosis or had some other complicating factor. A conversion procedure seems not to be a delaying factor, as children with a unilateral deficiency and a conversion procedure had their first prosthesis fitted at an average age of 15 months (n=5, SD=8), while without a conversion procedure they also had their first prosthesis fitted at an age of 15 months (n=35, SD=7). Fitting an articulated knee is recommended at an age of 36-48 months (Jain, 1996) . In the authors' study, the mean age at which articulated knees were fitted was found to be 37 months. Three (3) of the 10 children were fitted with an articulated knee before the recommended 36 months; none of these needed to have it replaced with the original locked knee. The authors did not study the best time for fitting an articulated knee, but from experience suggest that the best time might be somewhat earlier than is currently recommended, resulting in a more symmetrical gait at an earlier age.
For children with prosthetic fitting before the age of 16 years, however interviewed in adulthood, J0rring (1971) reported a mean time between acquired amputation and the fitting of the first prosthesis of 3 months and 2 weeks. In the present study an average time of 11 months was found, much longer.
Secondary complications
Secondary operations have often been reported in other studies (Sliman et al, 1991; Aitken, 1963) and the same was found in the present study. Overgrowth of the bone has often been mentioned by others, with a prevalence of 4 to 35% (Davids et al, 1995) . In the present study operations for this complication has been necessary in 8 of the 89 children. The most frequent reasons for operations included ankle and/or bowing correction (16 times in 14 children). In their study among 74 children with both congenital deficiencies and acquired amputations J0rring (1971) found that 29 children (39%) had been exposed to repeated surgery at later stages. This study found a percentage of 53%. Perhaps operations are now more frequent because surgical techniques have improved. Aitken (1963) found that conversion procedures had been undertaken in 45% of 192 affected lower limbs. The authors found a percentage of 18%, which may indicate that surgeons are currently more reticent about conversion procedures that several years ago. However, the differences may also be due to cultural differences, because the studies were done in different countries.
Just as among adults, skin problems are often seen in amputee children. Only 26% of the children reported no skin problems at all.
Using a prosthesis is time consuming. For one thing, frequent visits to orthopaedic workshop are necessary. In this study, such visits were found to take place an average of 9 times during the previous year. Therefore it is not surprising that in remote regions (Fernandez-Palazzi et al., 1991; Jones and Lipson, 1991) good prosthetic fitting may become difficult.
Phantom sensations were mentioned by 31% and phantom pain by 6% of the children with a conversion procedure. Krane and Heller (1995) found much higher percentages, reporting phantom sensations in 100% and phantom pain in 92% of the children in their study, all of whom were aged 5 years or over. They asked the parents and children several times, which may have focused them on this topic. In this study the question was only asked once and the recollection of sensation and pain soon after the operation may be deficient. Weinstein et al. (1964) found phantom sensations or phantom pain in 18 of 101 subjects (18%) aged between 3 and 48 years with congenital deficiencies. In a study of children older than 6 years, but amputated before the age of 6 or with congenital deficiencies, Melzack et al. (1997) found a percentage of 20% children with phantom sensations and 18% with phantom pain, i.e. lower percentages than Krane et al. However, their group of patients had different characteristics, e.g. age, than the children in the present study, making them only partly comparable.
Of the children in the study with congenital deficiency but without a conversion procedure, one was suspected to have phantom sensations. Other authors (Melzack et al., 1997 ) also mention that it is possible for a child without a conversion procedure to experience phantom sensations.
Functional abilities
In general the children's functional abilities were found to be satisfactory. The same has been found in other studies (Jones and Lipson, 1991; J0rring, 1971) , even in third world countries (Sliman et al., 1991; Jain, 1994) , although children in these countries experienced more difficulties in the fitting of prostheses (Fernandez-Palazzi et al., 1991) . Jones and Lipson (1991) mentioned that in Australia children with a leg amputation were well integrated into the school and sporting life of ordinary childhood, although they gave no exact data. In the Netherlands, the integration with peers also seems to be adequate. Most children (87%) attended a normal school. Because the intelligence of the group of children is likely to have been comparable with that of their peers and only minor adaptations are usually needed, normal schools can meet the educational requirements of these children. It is only in physical education that the teacher will have to take into account their physical limitations. Children with acquired amputations were more likely to attend a school for handicapped children than those with congenital deficiencies, maybe because their family and peers have more difficulties in getting used to a handicapped child than if a child is born with a handicap. Many of the children participated in sports activities not specifically organised for handicapped children. Most of the children showed a satisfactory walking ability. Most of them (95%) were able to walk, with or without a prosthesis. The 4 children aged 3 years or over who could manage a walking distance of less than 50m had both legs affected. Other activities of daily life, such as ascending and descending stairs and cycling, were possible for most of the children (91 and 93% respectively).
The answers of the parents to the questions included in the Dutch Child-HAQ show that most children (77%) did not have serious difficulties with the relevant activities. Some children, however, did have great difficulties with these activities, indicating limitations in activities of daily life.
Conclusions
Most children with congenital lower limb deficiencies or amputation live a life comparable with that of their peers, although most of them are limited in several physical activities. Children with both limbs affected or with a proximal amputation or deficiency appeared to be functioning less adequately than the other amputee children.
Most children use their prostheses in their daily activities. Secondary complications such as skin problems, secondary operations and phantom sensations or phantom pain were frequent.
